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ABSTRACT: The porous asphalt properties are different from dense asphalt concrete. Regarding the open structure of 
its gradation, the porous asphalt can reduce noise level from road traffic, drains water from the road surface, and the 
thermal conductivity. These behaviors lead to the porous asphalt contribution on road traffic safety and environment. 
This paper provides a comparison study regarding a literature review based on some developed countries’ experiences 
in using the porous asphalt related to the road safety and environmental issues. In addition, this paper presents an 
artificial simulation when the porous asphalt is introduced on an urban expressway in Makassar, Indonesia in order to 
reduce the traffic noise on the road using ASJ RTN-2008 Model approach. The simulation result shows that the porous 
asphalt can reduce noise level effectively during its service life.  
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INTRODUCTION 
 
In the three last decades, the implementation of the 
porous asphalt in many developed countries has succeed 
to give significant contribution on improving safety, 
reducing erosion, mitigating water pollution, and  
environment quality such reducing traffic noise. 
However, there are more discussions among scholars 
related to its contribution on the road safety.     
The porous asphalt also called open-graded asphalt 
has been use as a wearing course or surface since the 
1950s. The first major of its utilization in Australia was 
about 1973 and in Japan was about 1987. It is a 
developing in road surfacing technology, as well as an 
innovative road surfacing technology, which allows 
water to enter into the asphalt mixes beyond its 
continuous air voids. The porous asphalt is designed so 
that after laying and compacting, it forms a surface with 
a void’s more than 20 percent. Then, it is used in 
wearing courses and always laid on impervious base 
course. In addition, it is promising and effective in 
enhancing traffic safety. The use of porous asphalt is 
also to reduce noise and glare (Sasana and Ismanto, 
2003). 
Furthermore, the porous pavement is one alternative 
solution to the problem of storm water drainage from 
parking and other low traffic density areas (Thomas et al., 
2003). In operation actually, this pavement allows 
incipient rainfall and local runoff to soak through the 
pavement surface course of open graded asphalt concrete 
mix and accumulate in a porous base consisting of large 
open graded gravel, so that the water will percolate into 
the natural ground below. Then, it would drain laterally 
to a sump or channel. 
Despite the above benefits, the porous asphalt can 
suffer from problems. Particularly, it can affect both its 
performance and its service life. The open structure 
exposes a large surface area to the effects of air and 
water, leading to rapid aging of the binder. In further, the 
clogging of the pores can reduce the functionality 
prematurely (Poulikakos D. L. et al., 2006). In order to 
reduce the problems addressed to porous asphalt and 
retain the benefits, the study of porous asphalt has 
become an important objective within the more focus of 
advanced pavement materials research. 
Regarding the above experiences, some developing 
countries including Indonesia have been introducing the 
porous asphalt as one of alternative solution to overcome 
the road traffic problems such the increasing road traffic 
noise. In Indonesia, Sasana and Ismanto (2003) have 
introduced the utilization of local materials on quality 
improvement of porous asphalt for Indonesia’s roadways. 
In continuing the efforts, this paper attempts to grasp the 
contribution of the porous asphalt in road safety and 
environment quality. Particularly, the paper also 
provides an artificial simulation on the effectiveness of 
the porous asphalt in reducing road traffic noise. In this 
study, a case sample when an introducing of the porous 
pavement on an urban expressway in Makassar, 
Indonesia is conducted for the simulation.  
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The rest of this paper is organized as follows. Section 
2 describes the overviews of the porous asphalt 
pavements. Section 3 and 4 provide the advantages and 
disadvantages of the porous asphalt related to road safety 
and environment. Then, Section 5 provides an artificial 
simulation when the porous asphalt is implemented in 
reducing road traffic noise on an urban expressway in 
Makassar City. Finally, the last section provides 
conclusions. 
 
 
OVERVIEWS OF THE POROUS ASPHALT 
PEVEMENTS 
 
The porous asphalt is a pavement layer from standard 
bituminous asphalt where the fines materials is screened 
and reduced in order to create void space to make the 
pavement highly permeable against water. The Iowa 
Storm Water Management Manual (2009) has given the 
specification of the void space about 16%, as opposed to 
2% or 3% on the conventional asphalt. It is also called 
the porous asphalt surface course as the Open Graded 
Friction Course. Furthermore, the manual has 
emphasized that the porous asphalt has positive 
characteristics in its ability to blend into the normal 
urban landscape relatively unnoticed. For instance, it 
may typically allow a cost reduction of other storm water 
detention infrastructure through increasing the time of 
concentration and reducing the peak discharge rates for 
the larger storms. On the purpose of the porous asphalt 
in sizing downstream conveyance and structural control 
system, its surface areas can be assumed to 20% 
impervious. It is also can be taken for the runoff volume 
infiltrated from other impervious areas conveyed onto 
the pervious pavement system.  
Regarding the above functions, the porous pavement 
is generally composed of four layers (Diniz, 1980) i.e. 
the sub base course, the reservoir base course, the 
reservoir top stabilizing course, and the open graded 
asphalt concrete surface course, respectively from 
bottom to up layers. The cross-section typically of the 
four layers adapted from Thelen and Howe (1978) is 
shown in Fig.1. 
Fig. 1 shows that the bottom layer is minimally 
compacted sub-base consisting of undisturbed existing 
soil or, in the case of unsuitable base soils, an imported 
and prepared base course. This course may also require 
an auxiliary drainage structures such as French drains, 
pipe drains, etc. The reservoir base course consists of 
crushed stone aggregate having 1-2 inches (2.54-5.08 
cm) diameter. The thickness of this course is obtained 
from runoff storage needs and frost depth considerations. 
The reservoir base course surface is stabilized by two 
inches (5.08 cm) of ½-inch (1.27 cm) crushed stone 
aggregate. The up-layer is the porous asphalt concrete 
surface course which its thickness is based on bearing 
strength and pavement design requirements. Mostly 
applications have used 2½ inches (6.35 cm) to be 
sufficient. 
 
 
 
THE ADVANTAGES OF THE POROUS ASPHALT 
 
Regarding the literature review on the previous 
researches that have been well established, in this section 
we present a list summary of advantages of the porous 
asphalt on road safety and environment as follows.  
 
Reduction in splash and spray, reduced aquaplaning 
 
In comparing to the conventional asphalt mixtures, 
the porous asphalt can drain surface water due to the 
large amount of continuous pores in its structure. This 
condition leads to the material provides good visibility 
under rainy conditions. Therefore, it is preventing the 
traffic flow volumes reduction, which normally 
happened on rain season. Furthermore, the absorption of 
the surface water also reduce effectively aquaplaning 
that occurs when vehicles pass with high speeds on a 
thin water layer. Regarding these advantages, Maupin 
(1976) stated that porous asphalt contributes to the 
reduction of the number of accidents in rainy days.  
 
Reduction in light reflection and headlight glare 
 
The action of the porous asphalt as a drainage layer in 
enabling rainwater to percolate through the mix leads to 
the decreasing dramatically of light reflection and 
headlight glare. These are some of the dangerous factors 
for drivers especially in night time. In addition, the lane 
markings are enhanced clearly on wet surfaces. 
Noise Reduction 
 
Fig. 1 The cross-section typically of a porous pavement 
(Thelen and Howe, 1978) 
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The contacts of road surfaces of porous asphalt that is 
laid with coarse macro-texture, with the tire of vehicle 
tread contribute to the noise absorption between the 
surface and the tire. Many scholars have showed the 
advantage of this phenomenon. For example, lower noise 
levels on porous asphalt, which may be 6 dB(A) lower 
than concrete layers (Tesoriere et al., 1989) or 2 to 6 
dB(A) lower than the HRA (Nicholls, 1996). According 
to the Swiss standards, under dry conditions in a 70 
dB(A) area by using porous asphalt a noise reduction of 
5 dB(A) can be achieved (SN 640 433b, 2001).  
 
Rut-resistance 
 
Japan’s experiences have showed the lower 
permanent deformation on porous asphalt than other 
dense mixes, even its high porosity. Utilization of tighter 
aggregate skeleton in porous asphalt may contribute to 
withstand the load under traffic (EHRFJ, 1993; JHPC, 
1994). Danies (1992) has trialed a similar phenomenon 
in A38 Burton Section in the UK. The result showed that 
the deformation rate of the porous asphalt section in the 
near side lanes was less than 2 mm/year and 0.5 
mm/year on average after 8 years trafficking. Generally, 
the porous asphalt may provide acceptable rut resistance 
compared to other dense mixes (Daines, 1992). However, 
the deformation of a pavement depends on several 
conditions, such as climate, traffic intensity and loads. 
 
 
THE DISADVANTAGES OF POROUS ASPHALT 
 
Similarly on the previous section, in this section we 
also provide a list summary of disadvantages of the 
porous asphalt on road safety and environment as 
follows. 
 
Aging and Stripping 
 
As well known, the aging and stripping are the most 
critical factors in the performance of bituminous mixes. 
These factors contribute in binder hardening and a 
reduction in pavement service life (Hoban et al., 1985). 
Regarding the porous asphalt properties such high 
porosity, the porous asphalt ages much faster than 
conventional dense mixes. Daines (1992) has showed in 
full-scale road trials in the UK that the service life of the 
porous asphalt is ultimately limited by binder hardening. 
In this case, the porous asphalt is likely failure when its 
penetration drops below 15 pen. Furthermore, due the 
water sensitivity of the porous asphalt mix, the rainwater 
may penetrate through the porous matrix. This leads to 
the water remains in the structure keeping the asphalt in 
wet condition for a long time. Therefore, the moisture 
can cause an extra damage in porous asphalt such 
stripping the binder film from the aggregate surfaces. 
 
Reduction in Porosity 
 
On high speed lanes, tires may produce a self-
cleaning effect. Therefore, during service life, the pores 
of the porous asphalt tend to be clogged by dirt, dust or 
other clogging agents (Heystraeten and Moraux, 1990). 
This clogging leads to the loss of pores, so that the 
advantages of noise reduction and drainage function of 
the porous asphalt will gradually disappear. In addition, 
the porosity loss is also caused by secondary traffic 
compaction, especially on heavy routes. Overall, the 
disadvantage leads to another serious problem for road 
maintenance. To fulfill this problem, many types of 
cleaning methods, such vacuum vehicles with hydraulic 
jet water, have been developed to maintain the porosity 
of porous asphalt in the long term (Moore, et al., 2001).  
 
Shorter Service Life 
 
Due to the aging and stripping properties, the service 
life of porous asphalt surfaces is shorter than the 
conventional mix layers. However, the service life of 
asphalt mixes depend on several factors such as binder 
content and type, aggregate gradation, traffic volume and 
climate. Many previous experiences of the asphalt 
porous implementation in developed countries show an 
optimistic life expectancy of around 15 years. In this 
regard, some maintenance should be necessary within 
about 5 to 8 years. Therefore, such maintenance costs for 
porous asphalt are considered higher than for the 
conventional asphalt. However, the significant 
contribution of the porous asphalt for social benefits, 
such as traffic safety and environmental issues, could not 
be ignored. 
 
 
SIMULATION OF THE POROUS ASPHALT IN 
REDUCING ROAD TRAFFIC NOISE 
 
Regarding the advantage of the porous asphalt in 
reducing road traffic noise, this paper spends more 
attention to grasp this advantage. In this section we 
attempt to describe an artificial simulation in traffic 
noise reduction when the porous asphalt is introduced for 
an urban expressway in Makassar, Indonesia. The 
simulation adopts and adapts the ASJ RTN-2008 Model 
approach that developed by Acoustic Society of Japan 
(ASJ, 2010). In this regard, we have two steps activities, 
i.e. parameters calibration and validation of the ASJ 
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RTN when the model is used for the traffic situation in 
the expressway in the city; and simulation of the 
effectiveness the asphalt porous in reducing the noise 
level during its service life using the adapted ASJ RTN 
Model. The following sub sections will present the 
methodology, process, and the results of the simulation. 
 
Traffic Noise Prediction Using ASJ RTN-2008 Model 
 
In predicting road traffic noise, ASJ have developed 
a recently model, namely ASJ RTN-2008 Model. This 
sub section provides the construction of the model 
regarding the purpose of this paper.  
Let to apply the traffic volume NT (number of 
vehicles) during the time interval T [s] to the single-
event sound exposure level LAE, then the equivalent 
continuous A-weighted sound pressure level LAeq,T is 
obtained as following equation (ASJ, 2008): 
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The A-weighted sound pressure level LA,i [dB] for 
noise propagation from the i
th
 source position to the 
prediction point is calculated considering attenuation due 
to various factors in the sound propagation from an 
omni-directional point source in a hemi-free field as 
expressed as follows (ASJ, 2008). 
 
     
icoriiWAiA LrLL ,,, log208     (3)
                                  
Where LWA,i is the A-weighted sound power level of a 
single running vehicle at the ith source position [dB] and 
ri is the direct distance from the i
th
 source position to the 
prediction point [m]. ΔLcor,i denotes the correction related 
to various attenuation factors in the sound propagation 
from the i
th
 source position to the prediction point [dB], 
and is given by following equation (ASJ, 2008): 
 
     
iairigrndidificor LLLL ,,,,     (4)
                                  
Where ΔLdif,i is the correction for diffraction [dB], 
ΔLgrnd,i is the correction for the ground effect [dB] and 
ΔLair,i is the correction for atmospheric absorption [dB]. 
The suffix i for the source position is hereafter omitted 
for simplicity of notation. 
The A-weighted sound power level of a road vehicle, 
LWA is given by following equation (ASJ, 2008): 
 
     CVbaLWA  log     (5)
                                  
Where V is the vehicle speed [km/h], a and b are 
regression coefficients, and C is the correction term from 
a reference value (the power level when the vehicle runs 
on a dense asphalt pavement constructed within the last 
several years).  
LWA varies with the road conditions such as the 
pavement type and road gradient. Because there are 
various sound sources in the road vehicle and the noise 
generated from these sources is influenced by the body 
shape, the vehicle noise has the directivity. To consider 
the change in the noise radiation caused by these factors, 
the correction term C is given by following equation 
(ASJ, 2008): 
 
     
etcdirgradsurf LLLLC    (6)
                                  
Where ΔLsurf is the correction for a drainage asphalt 
pavement [dB], ΔLgrad is the correction for road gradient 
[dB], ΔLdir is the correction for sound radiation 
directivity [dB] and ΔLetc is the correction for other 
factors [dB]. Due to this paper is only concern to the 
drainage asphalt effect, then we only consider ΔLsurf in 
the simulation. 
Furthermore, the noise reduction effect due to a 
drainage asphalt pavement depends on the vehicle type, 
and also on the number of years since pavement was 
constructed. The correction formula is based on 
measurement data. The correction value for noise 
reduction due to a drainage asphalt pavement ΔLsurf for 
an expressway is calculated as follows. 
ASJ RTN Model (2008) have given for running 
speeds of vehicle at less than 60 km/h, ΔLsurf for light 
vehicle and heavy vehicle are calculated using Equation 
(7) and Equation (8), respectively.  
 
      1log4.67.5  yLsurf    (7)
                                  
      1log6.39.3  yLsurf    (8)
                                  
While the running speeds of vehicle at equal or more 
than 60 km/h, ΔLsurf for light vehicle and heavy vehicle 
are calculated using Equation (9) and Equation (10), 
respectively.  
 
      1log4.6log52.3  yVLsurf   (9)
                                  
  1log6.3log50.5  yVLsurf                        (10) 
                                 
Where y denotes the number of years since the pavement 
was constructed. 
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The RTN Data Collection on Makassar’s Urban 
Expressway 
 
A one-day survey of RTN including noise level, 
traffic volume, speed of vehicles, etc. was carried out at 
the Sutami Expressway in Makassar City on April 6
th
 in 
2012. Locations of 40 roadsides are shown in a map of 
Makassar City (Fig.1). We selected one measurement 
point of a certain section on the expressway. 
The measuring point was set at a position with the 
distance of 1.5 m from the road edge and the height of 
1.5 m above the ground. A-weighted sound pressure 
level (LAeq) of RTN was measured in fifteen minutes 
every one hour from 8:00 a.m. through 6:00 p.m.; twenty 
four data for the noise index were collected at the 
roadside. 
Traffic volume during the noise measurement was 
counted. That is, the numbers of heavy vehicle (H) and 
light vehicle (L) were individually counted by using a 
manual counter. This was carried out for each noise 
measurement. As well as, the vehicle speeds were also 
investigated during the measurement of noise. Some 
vehicles were correctly sampled from the whole vehicles 
and the speeds of them were measured by a speed gun. 
 
The Road Traffic Noise Prediction Result 
 
By applying and adapting the above ASJ RTN-2008 
to the RTN data, we attempt to predict traffic noise level 
at measuring point of the expressway. The prediction 
result is shown in Fig. 2. 
Fig. 1 shows that the prediction results using the ASJ 
RTN-2008 Model have given significant result. The 
traffic noise predictions have correlation coefficient (r) 
about 0.8 (a highly correlation). In this regard, the 
parameter values of a in Equation (5) resulted from 
calibration and validation are 69.7 for light vehicle and 
99.6 for heavy vehicle. As well as, the parameter b of the 
equation are 13.2 and 2.3 for light and heavy vehicles, 
respectively. Therefore, the adapting of the ASJ RTN 
Model is acceptable in using for the simulation as the 
one of the purposes of this paper. 
 
The Road Traffic Noise Simulation Result 
 
Regarding the adapted ASJ RTN Model, we tried to 
simulate the road traffic noise reduction on the 
expressway when the porous asphalt is introduced on the 
roadway. The simulation applied the service life of the 
porous asphalt during fifteen years. The simulation result 
is shown in Fig. 3. 
Fig. 3 shows that the porous asphalt can effectively 
reduce traffic noise during the first year of its 
construction until the fifth or the sixth year of its service 
live. The noise reduction is remaining until the tenth year. 
In this regard, the porous asphalt can reduce the traffic 
noise until 4 dB at the first years after its construction. 
Unfortunately, the porous asphalt may produce 
increasing traffic noise when its service live more than 
ten years. 
The above simulation result indicates that the porous 
asphalt needs a maintenance effort at least each five 
years in order to maintain its ability in reducing traffic 
noise effectively. This is no difference in comparing to 
the conventional asphalt mixes in maintenance efforts. 
 
 
CONCLUSION 
 
The contribution of the porous asphalt on road safety 
and environment has been elaborated in this paper. The 
advantages and advantages of the porous pavement 
regarding the literature review were presented. 
Particularly, an artificial simulation has been conducted 
in order to grasp the effectiveness of the porous 
pavement in reducing the road traffic noise on an urban 
expressway in Makassar, Indonesia. The simulation is 
 
Fig. 2 Comparison between measured and predicted 
LAeq,15min  
 
Fig. 3 The simulation result on noise reduction of the 
porous asphalt during 15 years on the expressway 
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based on an adopting and adapting of the ASJ RTN-2008 
Model approach.  
The simulation results show the effectiveness of the 
porous pavement in reducing the noise level until 4 dB 
during the first year of its service live. However, the 
pavement needs a routine maintenance effort each five 
years in order to maintain the noise reduction ability. In 
addition, a periodically maintenance effort has to have 
be conducted after its service live achieve ten years.   
Briefly, the porous asphalt seems promising in 
implementation for a certain roadway in developing 
countries such in Indonesia. However, the construction 
cost of the pavement construction changing from the 
conventional mixes to the porous asphalt still need more 
consideration. That is the focus of further studies in the 
future. 
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